12 United States Patent
Engbring et al.

US008058881B2

US 8,058,881 B2
Nov. 15, 2011

(10) Patent No.:
45) Date of Patent:

(54) METHOD FOR CHECKING THE CURRENT
FLOW THROUGH INDIVIDUAL WIRES OF A
BRAIDED WIRE, AND APPARATUS FOR
CARRYING OUT THE METHOD

(75) Inventors: Jirgen Engbring, Iphofen (DE);
Matthias Ebert, Dettelbach (DE);
Johann Hinken, Magdeburg (DE)

(73) Assignee: LEONI Bordnetz-Systeme GmbH,
Nuremburg (DE)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 448 days.

(21) Appl. No.: 12/404,467
(22) Filed: Mar. 16, 2009

(65) Prior Publication Data
US 2009/0219031 Al Sep. 3, 2009

Related U.S. Application Data

(63) Continuation of application No.
PCT/EP2008/004985, filed on Jun. 20, 2008.

(30) Foreign Application Priority Data
Jun. 23, 2007 (DE) .. 10 2007 028 965
(51) Imt. CL.
GOIR 31/08 (2006.01)
HO04B 3/46 (2006.01)
(52) US.CL ... 324/529; 324/512; 324/539; 324/117 R
(58) Field of Classification Search .................. 324/529,

324/713, 539, 543, 117 R
See application file for complete search history.

14

(56) References Cited

U.S. PATENT DOCUMENTS

1,523,398 A 1/1925 Ceccarini
4,754,218 A * 6/1988 Wagneretal. ................ 324/127
5,834931 A * 11/1998 Mooreetal. .................... 324/95
7,279,654 B2* 10/2007 Ennisetal. ... 219/121.48
2002/0079905 Al*  6/2002 Brown .........ccooeevvreen, 324/543

FOREIGN PATENT DOCUMENTS

GB 1542933 A 3/1979

JP 2005-20813 A 1/2005

JP 2005274351 A 10/2005

LU 85155 9/1985

OTHER PUBLICATIONS

Weinstock et al., “Nondestructive Evaluation of Wires Using High-

Temperature SQUIDs”, IEEE Transactions on Applied Supercon-

ductivity, vol. 9, No. 2, Jun. 1999, pp. 3797-3600.

German Office Action dated May 16, 2008.
International Search Report, dated Nov. 5, 2008.

* cited by examiner

Primary Examiner — Vincent Q Nguyen

(74) Attorney, Agent, or Firm — Laurence A. Greenberg;
Werner H. Stemer; Ralph E. Locher

(57) ABSTRACT

In order to make 1t possible to detect a fault location, safely,
reliably and with a high response sensitivity, 1n a braided wire
which has a plurality of individual wires, an electric current 1s
passed through the braided wire and the magnetic field which
1s formed as a result of the braided wire through which current
flows 1s detected by a sensor and 1s evaluated. A fault location
1s deduced 1f the measured magnetic field has an oscillation
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and 1n particular corresponds to the lay length. The method 1s
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METHOD FOR CHECKING THE CURRENT
FLOW THROUGH INDIVIDUAL WIRES OF A
BRAIDED WIRE, AND APPARATUS FOR
CARRYING OUT THE METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This 1s a continuation, under 35 U.S.C. §120, of copending
international application No. PCT/EP2008/004985, filed Jun.
20, 2008, which designated the United States; this application
also claims the priority, under 35 U.S.C. § 119, of German
patent application No. DE 10 2007 028 965.2, filed Jun. 23,
2007; the prior applications are herewith incorporated by
reference 1n their entirety.

BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to a method for checking the current
flow through individual wires of a braided wire, 1n which the
individual wires are twisted with one another with a lay
length, with an electric current being passed through the
braided wire and with the magnetic field which 1s formed as a
result of the braided wire through which current flows being
detected by a sensor and being evaluated. The invention also
relates to an apparatus for carrying out the method.

The method 1s used for non-destructive testing of a braided
wire for fault locations, specifically and in particular for
checking for torn individual wires. Japanese patent applica-
tion JP 2005 020813A discloses a method for checking a
braided wire 1n which a magnetic field which 1s formed
around the braided wire 1s detected with the aid of a plurality
of sensors which are arranged around the braided wire. In this
case, the mtensity distribution of the magnetic field 1s evalu-
ated. If there 1s a decrease 1n magnetic field intensity 1 one
area, then a fault location 1s deduced at this location, 1n the
form of a torn individual wire

A method such as this, in which the magnetic field 1s
evaluated, 1s more sensitive than measurements 1in which the
clectrical field 1s evaluated (capacitive measurement). How-
ever, the changes in the magnetic field caused by a torn wire
are small, and therefore a measurement and evaluation
arrangement of high sensitivity 1s required i order to obtain
results which are as reliable as possible.

SUMMARY OF THE INVENTION

It 1s accordingly an object of the mvention to provide a
method for checking the current flow through individual
wires of a braided wire, and an apparatus for carrying out the
method, which overcomes the above-mentioned disadvan-
tages of the heretofore-known devices and methods of this
general type, which allows simple checking, which 1s sate and
reliable, of a braided wire for a fault location.

With the foregoing and other objects 1n view there 1s pro-
vided, 1n accordance with the invention, a method for check-
ing a current flow through individual wires of a braided wire,
the imndividual wires being twisted with one another with a lay
length. The method includes the steps of passing an electric
current through the braided wire, detecting a magnetic field
being formed as aresult of the braided wire through which the
clectric current flows via a sensor, and evaluating the mag-
netic field and deducing a fault location if a measured mag-
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2

netic field has a characteristic oscillation having a length
being a multiple of the lay length and 1n particular corre-
sponds to the lay length.

In order to evaluate whether a fault location, 1n particular a
torn individual wire of the braided wire, 1s present, the inven-
tion 1n this case provides that a fault location 1s deduced 11 the
measured magnetic field has an oscillation whose length 1s a
multiple of the so-called lay length of the braided wire. In
particular, a fault location 1s deduced 11 the oscillation of the
magnetic field corresponds to the lay length. The measure-
ment 1s 1n this case 1n particular based on the braided wire and
the sensor, by which the magnetic field 1s detected, being
moved relative to one another. The strength of the magnetic
field, which 1s dependent on the location along the length of
the braided wire, 1s detected on the basis of this relative
movement.

Investigations have now shown that, 1n the area of a fault
location, the magnetic field changes 1n a characteristic man-
ner as a function of the location in the longitudinal direction
of the braided wire, and has a characteristic oscillation length.
The oscillation length corresponds in particular to the lay
length of the braided wire. The characteristic oscillation 1s
therefore used for evaluation, in order to make 1t possible to
deduce a fault location reliably and clearly. Further distur-
bance effects, which can likewise lead to a variation of the
magnetic field, such as minor variations in the distance
between the braided wire and the sensor resulting from bend-
ing of the braided wire, are eliminated 1n this case. To this
extent, this method has better evaluation accuracy than an
evaluation which 1s directed only at the evaluation of the
amplitude of the measured field. In addition, the overshooting
of the defined threshold value of the amplitude of the mag-
netic field 1s preferably also used as a further criterion for
deducing the fault location.

The expression lay length in this case means the length
which corresponds to the distance that the respectively
twisted 1individual wire requires in the longitudinal direction
of the braided wire to rotate through 360° as a result of 1ts
twisting. In the case of electrical braided wires which are used
as electrically conductive cables, and which, for example,
have from a small number up to several tens of individual
wires, the lay length 1s a few centimeters. In the case of a
copper braided wire with 7 to 19 mdividual wires with an
individual wire diameter in the region of 0.2 mm, the lay
length 1s normally about 15 to 40 mm, in particular about 20
mm.

The characteristic oscillation can be explained as follows:
during the measurement, current flows through the braided
wire. As a result of their twisting, the individual wires run
essentially on helical lines. The current i1s therefore trans-
ported primarily in the form of a helical line in the longitudi-
nal direction of the individual wires. Since the individual
wires are normally not insulated from one another, 1t 1s also
possible for the current that 1s fed 1n to be able to flow from
one individual wire to the others, transversely with respect to
the individual wires. However, the contact resistance 1s con-
siderably higher than that in the longitudinal direction of the
individual wire, as a result of which no current flow normally
occurs 1n the lateral direction.

The sum of the currents 1n the individual wires of a braided
wire corresponds to the total current tlow 1n the longitudinal
direction of the braided wire, and the current conduction in
the form of a helical line through the individual wires 1s at
least largely eliminated by superimposition in the overall
current flow, as a result of which the current tlows essentially
in the longitudinal direction of the braided wire. This presup-
poses that a current of the same magnitude 1s fed into all the
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individual wires and that the current flows uniformly and
without any interruption 1n all the individual wires.

If the current flow 1n one individual wire 1s now interrupted,
for example by an 1individual wire being torn, this results 1n
the need for current to tlow 1n the lateral direction from one
individual wire to another. This leads to an inhomogeneity 1n
the overall current tlow 1n the area of a fault location such as
this. A uniform overall current flow occurs again only at a
certain distance from the fault location. Investigations have
now shown that a current in the form of a helical line 1s formed
in the area of this fault location, 1n which the current must
flow 1nhomogeneously through the overall cross section of
the braided wire, as aresult of which the magnetic field which
surrounds the conductor does not run 1n a uniform manner but
oscillates at a fixed ratio to the lay length of the braided wire.
In particular, the magnetic field oscillates with the lay length
of the braided wire 1n this inhomogeneous area.

The quality of a contact connection of a contact element to
a braided wire 1s preferably checked by once again passing an
clectric current through the braided wire. In order to check the
quality of the contact connection, the magnetic filter formed
1s now detected by the sensor at a distance from the contact
connection, and 1s evaluated. A fault location at the contact
connection 1s deduced on the basis of the magnetic field,
which 1s measured at a distance from the contact connection,
for example 11 the magnetic field has a characteristic discrep-
ancy from a reference signal or comparison signal, for
example an amplitude which exceeds a threshold value and/or
a characteristic profile, specifically an oscillation with a
length which 1n particular corresponds to the lay length of the
braided wire.

This method therefore makes it possible to check a contact
connection very sensitively and without any disturbances to
determine whether there 1s an equally good contact with all
the individual wires in the braided wire or whether individual
braided wires are not involved, or are involved only to a small
extent, 1n the current flow 1n the contact connection.

This embodiment variant of the method 1s also based on the
knowledge that, 1t the current tlow through one individual
wire 1s interrupted, a proportion of the current must tlow in the
lateral direction from one individual wire to the other indi-
vidual wire as a result of a lack of contact with the contact
clement, and that the magnetic field will thus be disturbed,
and will have an inhomogeneity, in a certain area over the
length of the braided wire. In particular, the magnetic field has
the characteristic oscillation length. Thus, overall, 1n this
variant, use 1s made of a remote effect from the defect loca-
tion, with the result that this fault location can still be 1denti-
fied even at a distance from the actual fault location, specifi-
cally from the interruption of the current flow through the
individual wire resulting from a lack of contact 1n the contact
area. Even 1n the case of extrusion-coated contact connec-
tions, as are normally used nowadays 1n prefabricated cable
harnesses, the contact connection can therefore be checked
non-destructively.

Both vanants are therefore based on the same 1dea that,
specifically, 1n the event of an interruption 1n the current flow
through one individual wire, the current must actually flow in
the lateral direction at a distance from the fault location, thus
leading to characteristic discrepancies 1n the detected mag-
netic field.

In one expedient development, the remote effect 1s used in
order to deduce a fault location. Measurements are expedi-
ently carried out in this case at a distance 1n the range from 2
to 10 times the lay length from the fault location. Particularly
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4

when checking a contact connection, this makes 1t possible to
additionally carry out a safe and reliable evaluation 1n a
remote area.

The characteristic oscillation with the oscillation length
corresponding to the lay length indicates a certain spatial
propagation by virtue of the remote etfiect. The characteristic
oscillation therefore extends over a certain distance on both
sides of the actual fault location. That point on the braided
wire which corresponds to the spatial center of the character-
1stic oscillation, that 1s to say the center of the spatial propa-
gation, 15 thus expediently identified as the fault location.
Alternatively, that point on the braided wire at which the
oscillating magnetic field has the greatest amplitude 1s local-
1zed as the fault location.

According to one expedient development, a gradient of the
magnetic field 1s detected 1n order to achieve as high sensi-
tivity as possible. In particular, a so-called gradiometer 1s
used as a sensor for this purpose. A gradiometer such as this
1s a single unit which 1s able to detect magnetic field changes
in one or more spatial directions. One example of this 1s
so-called squid gradiometers, as described by way of example
in German patent DE 103 04 225 B4. Alternatively, a type of
bridge circuit containing a plurality of individual magnetic
sensors can also be combined to form a physical unit, 1n order
to form the gradiometer. In this case, by way of example, the
individual sensors are Hall sensors or else magnetoresistive
sensors which are each 1n the form of semiconductor compo-
nents. The use of a gradiometer effectively filters out the
influences of essentially homogeneous background magnetic
fields, for example the earth’s magnetic field, so that only the
disturbance signal caused by the fault location 1s detected.

In the method, a current in the ampere region for example
of about 1 A 1s passed through the braided wire, such that the
resultant magnetic field has a strength which 1s only about two
to three times the earth’s magnetic field, that 1s to say 1t 1s
approximately of the same order of magnitude as the earth’s
magnetic field.

In order to achieve a configuration which 1s as simple as
possible, the magnetic field 1s expediently detected by just
one sensor, 1n particular with the aid of just one gradiometer.
Because of the special evaluation technique, specifically the
evaluation of the oscillation length, there 1s no need to arrange
a multiplicity of sensors around the braided wire.

In one alternative expedient development, a plurality of
sensors 1s used, and, for example, are arranged oifset with
respect to one another in the circumierential direction. This
makes 1t possible to determine magnetic field strengths which
differ as a function of the location, and to determine gradients
as well.

A target signal 1s expediently formed by calculation from
the individual signals which are produced via the sensors in
this case, 1n which target signal disturbance effects which are
not caused at the fault location have already been filtered out.
In particular, this makes 1t possible to eliminate noise effects.
Magnetic field fluctuations which are caused by the twisting
of the individual wires are preferably eliminated by a suitable
addition of the individual signals, for example addition of the
individual signals with the correct phase and amplitude. In
particular, this results 1n changes 1n the magnetic field being
detected 1n three independent spatial directions. These spatial
directions are preferably the longitudinal direction of the
braided wire, its circumierential direction and the radial
direction.

In addition, when using a plurality of sensors, 1t 1s also
possible to determine a centroid position of the current flow-
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ing through the braided wire and 1n this case to check whether
the current distribution within the braided wire 1s homoge-
neous.

The method preferably provides for direct current to be
applied to the braided wire. In order to increase and improve
the sensitivity, one expedient development additionally pro-
vides for an alternating-current component to be modulated
onto this. In principle, 1t 15 also possible to apply exclusively
alternating current to the braided wire. Modulation with an
alternating-current component 1n the form of a lock-1n tech-
nique increases the sensitivity and accuracy. The lock-1n tech-
nique 1s a type of phase-dependent filtering since the only
signal parts which are evaluated are those which have a pre-
determined phase ofifset with respect to the applied alternat-
ing-current component, or have the same phase as the applied
alternating current.

In order to ensure safe, reliable detection, one expedient
development provides for the braided wire possibly to be
moved 1n addition to its relative movement with respect to the
sensor, and alternatively or additionally for a force to be
exerted on 1t. The movement or the force influence 1s in this
case chosen such that the fault location and thus the magnetic
field are varied. This refinement 1s based on the idea that, in
poor circumstances, there 1s a good contact 1n the longitudinal
direction of an individual wire, despite that individual wire
being torn, as a result of which there 1s virtually no inhomo-
geneity 1in the measured magnetic field. The movement of the
entire braided wire or else the influence of force places a
mechanical load on the fault location, thus increasing the
probability that the fault location will also be clearly notice-
able 1n the magnetic field. For this purpose, by way of
example, vibration 1s exerted on the braided wire, or the
braided wire 1s subjected to a mechanical alternating force,
continuously during the measurement, with this alternating
force acting, for example, 1n the longitudinal direction or else
in the lateral direction of the braided wire. Alternatively, 1t 1s
also possible to carry out two measurement runs and to move
the braided wire or to exert a force on 1t between the mea-
surement runs.

The method 1s expediently used i order to check an elec-
trical cable for, for example, a possible torn braid. In particu-
lar, the method 1s used to check the electrical contact connec-
tion of a cable, since this 1s critically related to a contact
resistance which 1s as low as possible.

Provision 1s alternatively made for the method to be used to
check mechanical supporting cables which, in their field of
application, are themselves no longer intended to carry cur-
rent. Supporting cables such as these are used, for example, in
clevators, cranes, cable cars, bridges, 1n which the supporting
cables are generally subjected to dynamic or static tensile
loading.

The method can 1n this case optionally be carried out at a
test center or else 1n-situ with the aid of a mobile test arrange-
ment, for example on an installed supporting cable.

In all the fields of application, 1t 1s 1n this case advantageous
tor the braided wires to be composed of non-magnetic mate-
rials, 1n particular materials which cannot be magnetized. In
principle, however, the method 1s also suitable for magnetic
materials. When electrical cables are being checked, these
are, 1n particular, copper or aluminum braided wires.

The described method 1s used in particular for quality
control for braided wires such as these. The method 1s pret-
erably used for quality control for the fabrication of cable
harnesses, for example for the motor vehicle field. In this
case, 1n particular, the contacts with knock-on contact ele-
ments, and 1n some cases extrusion-coated contact elements,
are also checked. Contact elements such as these are, for
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example, plug connectors which are connected to the respec-
tive braided wire via a soldered, welded and/or crimped con-
tact. Terminal contacts or insulation-displacement contacts

can also be provided.

In one preferred refinement, the work 1s carried out with
only one or at most with a small number of sensors, which are
moved relative to the braided wire. As an alterative to this, a
static measurement 1s envisaged, 1n which sensors are fitted
distributed at a plurality of points over the length of the
braided wire.

In further refinements, i1t 1s possible for the braided wires to
have a radio frequency applied to them, such that they have a
specific radiated emission characteristic, in the form of anten-
nas. In this case, it 1s possible to evaluate a change 1n the
radiated emission characteristic resulting from a fault loca-
tion. A check such as this 1s particularly suitable for those
braided wires which are imntended to be used as antenna struc-
tures and/or transmitter structures in the subsequent field of
use, and to which radio frequency 1s applied. Furthermore, in
addition to the magnetic field measurement, it 1s also possible
to detect the electrical field, with the aid of a capacitive
measurement, and to evaluate this.

One alternative application expediently provides for the
actual lay length to be deduced from the measured signal,
which 1s to say for this lay length to be measured by evalua-
tion of the magnetic field. For this purpose, the variation of the
magnetic field, which has been described above as a noise
elfect, resulting from the twisting of the individual wires 1s
evaluated.

Other features which are considered as characteristic for
the invention are set forth in the appended claims.

Although the invention 1s 1llustrated and described herein
as embodied 1n a method for checking the current flow
through individual wires of a braided wire, and an apparatus
for carrying out the method, it 1s nevertheless not intended to
be limited to the details shown, since various modifications
and structural changes may be made therein without depart-
ing from the spirit of the mvention and within the scope and
range of equivalents of the claims.

The construction and method of operation of the invention,
however, together with additional objects and advantages
thereol will be best understood from the following descrip-
tion of specific embodiments when read 1n connection with
the accompanying drawings.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 1s a diagrammatic, perspective, exploded view of a
contact connection 1n an area of a crimp sleeve and a stripped
end area of an electrical cable with a magnetic field sensor and
measurement configuration according to the invention;

FIG. 2 1s a diagrammatic, side view of a braided wire;

FIG. 3 1s a characteristic signal profile of a measured mag-
netic field 1n an area of a fault location; and

FIG. 4 1s a diagrammatic, section view through a measure-
ment configuration.

DETAILED DESCRIPTION OF THE INVENTION

Parts having the same effect are provided with the same
reference symbols in the figures. Referring now to the figures
of the drawing in detail and first, particularly, to FIG. 1
thereol, there 1s shown, in the form of an exploded illustra-
tion, an electrical cable 2 which has been stripped at the end
such that its electrical conductor, a braided wire 4, 1s exposed
at the end for a contact connection 6 to a contact element 8
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which, in the exemplary embodiment, 1s 1n the form of a crimp
sleeve. The cable 2 and the contact element 8 are surrounded

by a sheath 10 in the area of the contact connection 6. In

particular, the contact element 8 and the cable 2 are extrusion-
coded.

The braided wire 4 contains a multiplicity of individual
wires 12 which are twisted with one another. In particular, the
individual wires 12 are uninsulated individual copper wires
with an individual wire diameter 1n the range between 0.1 and

0.25 mm. By way of example, between seven and thirty
individual wires 12 are twisted with one another in the exem-
plary embodiment. The braided wire 4 i1tself 1s surrounded by
insulation 14, thus forming the electrical cable 2.

FI1G. 1 furthermore illustrates a magnetic sensor 22, which,
in particular, 1s 1in the form of a gradiometer. In addition, but
illustrated only schematically, an evaluation unit 24 1s shown,
which 1s connected to the sensor 22 via a signal line 25.
Furthermore, a current source 26 1s provided, and 1s con-
nected to the contact element 8 on the one hand and to the
braided wire 4 on the other hand, 1n order to feed 1n current I.
The evaluation unit 24 1s also connected to the current source
26 and drives it. In the exemplary embodiment, the current
source 26 1s 1n particular imn the form of a direct-current
source, although an alternating-current component can also
be modulated onto this.

The twisting of the individual wires 12 can be seen particu-
larly from the braided wire 4 which 1s 1llustrated 1n FIG. 2.
The braided wire 4 shown 1n FIG. 2 1s, for example, just a
mechanical supporting cable without any further electrical
functionality, or else a conductor for a cable 2. In order to
illustrate the twisting, one individual wire 12A 1s 1n this case
emphasized by gray shading. Overall, the individual wires 12
are twisted with one another with a so-called lay length L. In
this case, the lay length L 1s defined as the length required for
the respective individual wire 12 to revolve through 360°. The
lay length L 1s normally between 15 mm and 40 mm for
clectrical cables 2 which are configured for currents in the
region of a number of amperes.

The braided wire 4 1s checked for a possible fault location
28 by the method described 1n the following text. In this case,
a single-wire tear, for example 1n the center of the braided
wire 4 or at any other point 1s understood to be a fault location
28, as 1s indicated 1n FIG. 2. On the other hand however, a
defective contact connection between the stripped end of the
braided wire 4 and the contact element 8 may also be under-
stood to be a fault location 28, that 1s to say when 1individual
wires 12 are not involved 1n the electrical contact that 1s made
with the contact element 8, as a result of which no current, or
only a very small current, flows into the contact element 8
through these individual wires 12.

The method 1s therefore used to check the current flow
through the individual wires 12. If there 1s no fault location 28
and 11 a partial current 1 of the same strength 1s fed 1into each
of the individual wires 12, the propagation direction of the
partial current 1s 1n the longitudinal direction of the individual
wires 12 (see FIG. 2). Because of their twisting, the respective
partial currents 1 propagate along an approximately helical
line. The superimposition of the partial currents results 1n a
virtually 1deal overall current I 1n the longitudinal direction of
the braided wire 4, thus resulting 1n a largely homogeneous
magnetic field, corresponding to the magnetic field B of one
conductor through which a current flows. The twisting results
in a certain disturbance signal or noise. FIG. 3 illustrates one
example of a signal profile. In the illustrated diagram, the
magnetic field B 1s plotted against the location x (longitudinal
extent of the braided wire 4).
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If there 1s a fault location 28, that 1s to say 11 the current tlow
through an individual wire 12 is interrupted, the partial cur-
rent 1 flowing through this individual wire 12 must escape to
the other individual wires 12, as 1s 1llustrated by the dotted
arrows 1n FIG. 2. In the area of the fault location 28, this
results 1n a disturbance 1n the current flow and thus a distur-
bance 1n the magnetic field B, which 1s detected. Because of
the braiding of the individual wires 12 with the lay length L,
the inhomogeneity of the current tlow and therefore that of the
magnetic field B as well have a characteristic oscillation. The
magnetic field B oscillates in the area of the fault location 28
with the lay length L.

The sensor 22 1s used to detect the magnetic field signal. In
this case, the sensor 22 1s moved relative to the cable 2, 1in the
direction of the arrow along the cable 2. In this case, both the
sensor 22 and the braided wire 4 may be moved. The sensor
signal that 1s detected 1s transmitted to the evaluation unit 24,
in which the sensor signal 1s then evaluated. If an electrical
alternating-current component 1s modulated onto the direct
current, then the evaluation unit 24 compares the phase of the
measurement signal recerved by the sensor 22 with the modu-
lated alternating-current component, 1n the form of a lock-1n
technique.

The typical example, as illustrated in FIG. 3, of a signal
profile of the magnetic field B measured as a function of
position results 1n the area of a fault location 28.

As can clearly be seen, 1n the region of the fault location 28,
the measured signal exhibits a considerable change 1n com-
parison to the rest of the profile. To be precise, the signal
shows a considerable oscillation 1n the region of the fault
location 28, which oscillation has a specific oscillation length
A, which corresponds to the lay length L.

The annotated position P 1n the signal corresponds to the
position of the fault location 28 in the braided wire 4. The
position P 1s located at the physical center of the characteristic
oscillation. The expression characteristic oscillation means
that signal area in which the signal oscillates with the char-
acteristic oscillation length A.

The existence of a fault location 28 1s now deduced exclu-
stvely when the oscillation has the oscillation length A which
corresponds to the lay length L. The overshooting of a specific
amplitude 1s pretferably used as a further criterion, in order to
make 1t possible to 1gnore noise signals.

In order to obtain a sensitivity that 1s as high as possible, the
sensor 22 1s preferably 1n the form of a gradiometer, that 1s to
say detecting a position-dependent magnetic field change, for
example 1n the radial direction with respect to the braided
wire 4.

As can be seen from FI1G. 3, the fault location 28 (position
P) has a considerable remote effect, that 1s to say the fault
location 28 acts on the magnetic field B over a considerable
length, which corresponds to a multiple of the lay length L. In
particular, 1n the region of the fault location 28, the charac-
teristic signal overall has a length of about 10 cm 1in the
exemplary embodiment. This remote effect means that 1t 1s
possible to carry out a check of the current flow through the
respective mdividual wire 12 even at a distance from the
actual fault location 28. This allows expedient and safe evalu-
ation of the contact connection of the contact element 8 to the
braided wire 4, as 1s 1llustrated 1n FIG. 1.

The signal exhibits noise or a disturbance signal around the
tault location 28 on both sides of the characteristic areas. This
can be largely suppressed by, for example, arranging a plu-
rality of sensors 22, for example two or three sensors, distrib-
uted around the braided wire 4, and by moving these sensors
22 jointly along the braided wire 4. A non-1llustrated resultant
target or overall signal 1s formed from the individual signals
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detected 1n this way. The disturbance signal can be reduced
considerably by suitable phase shifting and superimposition
of the individual signals. This 1s because the disturbance
signal 1s caused at least partially by the twisting of the 1ndi-
vidual wires 12, as a result of which an mmhomogeneous
magnetic field, which can be measured because of the high
sensitivity of the sensor 22, 1s detected. Since this inhomoge-
neity 1s caused by the twisting, it 1s possible to eliminate the
disturbance signal by calculation 1n that the individual signals
from the sensors 22 which, by way of example, are arranged
offset with respect to one another in the circumierential direc-
tion are suitably superimposed and are calculated together
with one another.

Finally, FIG. 4 also shows an exemplary embodiment of a
measurement arrangement. In this case, the braided wire 4 1s
inserted 1into a type of V-groove 30 1n a test block 32, and 1s
drawn along the bottom of the V-groove 30 1n the longitudinal
direction. The sensor 22 1s arranged at a discrete point 1n the
V-groove 30. The braided wire 4 1s therefore drawn over the
sensor 22 at the discrete measurement point. If required, a
turther sensor 22, offset through 90°, can also be provided, as
indicated by the dashed line. In this case, the sensor 22 is
preferably also arranged ofiset with respect to the first sensor
22 1n the axial direction. Two channels 34 extend from the
V-groove 30, with one channel 34 being used to supply the
signal line 25 to the sensor 22. A magnet, 1n particular a
permanent magnet 38 1s arranged 1n the other channel 34 and
1s used to set the operating point of the sensor 22. The braided
wire 4 1s preferably pressed against the sensor 22, 1n a manner
which 1s not 1llustrated, 1n order to ensure a defined constant
distance between the braided wire 4 and the sensor 22.

The mvention claimed 1s:
1. A method for checking a current tlow through 1individual
wires of a braided wire, the individual wires being twisted
with one another with a lay length, which comprises the steps
of:
passing an electric current through the braided wire;
detecting a magnetic field being formed as a result of the
braided wire through which the electric current flows via
a sensor; and

evaluating the magnetic field and deducing a fault location
if a measured magnetic field has a characteristic oscil-
lation having a length being a multiple of the lay length
and 1n particular corresponds to the lay length.

2. The method according to claim 1, which further com-
Prises:

checking a quality of a contact connection of a contact

element to the braided wire, with the braided wire con-
tamning a plurality of the individual wires which are
twisted with one another with the lay length, 1n that the
clectric current 1s passed through the braided wire, with
the magnetic field which 1s formed as a result of the
braided wire through which current flows being detected
by the sensor at a distance from the contact connection;
evaluating the magnetic field; and
deducing the fault location at the contact connection on a
basis of the magnetic field which 1s measured at the
distance from the contact connection.
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3. The method according to claim 1, which further com-
prises evaluating the magnetic field at a distance from the
fault location, seen 1n a longitudinal direction of the braided
wire, and the fault location 1s deduced.

4. The method according to claim 3, which further com-
prises setting the distance from the fault location 1n a range
from 2 to 10 times the lay length.

5. The method according to claim 1, wherein a character-
istic oscillation indicates spatial propagation and a spatial
center of propagation 1s localized as the fault location 1n the
braided wire.

6. The method according to claim 1, which further com-
prises detecting a gradient of the magnetic field.

7. The method according to claim 6, which further com-
prises detecting the gradient of the magnetic field with an aid
ol a gradiometer as the sensor.

8. The method according to claim 1, which further com-
prises detecting the magnetic field using only one sensor.

9. The method according to claim 1, which further com-
prises detecting the magnetic field with an aid of a plurality of
sensors which are offset with respect to one another 1n a
circumierential direction of the braided wire.

10. The method according to claim 9, which further com-
prises forming a target signal by calculation from individual
signals which are produced via the sensors, in which target
signal disturbance effects which are not caused at the fault
location are filtered out.

11. The method according to claim 1, which further com-
prises applying a direct current to the braided wire.

12. The method according to claim 11, which further com-
prises modulating an alternating-current component onto the
direct current.

13. The method according to claim 1, which further com-
prises moving the braided wire such that the magnetic field 1s
varied.

14. The method according to claim 1, which further com-
prises forming the braided wire as an electrical cable.

15. The method according to claim 1, which further com-
prises forming the braided wire as a mechanical supporting
cable.

16. The method according to claim 1, which further com-
prises exerting a force on the braided wire such that the
magnetic field 1s varied.

17. An apparatus, comprising;:

a current source for feeding an electric current into a
braided wire, with the braided wire having a plurality of
individual wires being twisted with one another with a
lay length;

a sensor for detecting a magnetic field formed as a result of
the braided wire through which the electric current
flows; and

an evaluation unit coupled to said sensor for evaluating the
magnetic field detected by the sensor, said evaluation
unit being designed such that a fault location 1s deduced
i a measured magnetic field has an oscillation whose
length being a multiple of the lay length, and 1n particu-
lar corresponds to the lay length.
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